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Abstract 
This paper identifies transport disadvantage using a 7 day activity-travel diary data from two 
rural case study areas. A composite participation index (PI) measure was developed for this 
study based on six indices measuring elements of travel and activity participation. Using the 
index the paper then goes on to compare these results, with the results obtained from other 
more traditional indicators used to identify transport disadvantage. These indicators are 
related to the size of activity space such as unique network distance travelled, number of 
unique locations visited, activity space area, activity duration, and fullness (shape) of activity 
spaces. The weaknesses of these indicator based measures are that: firstly, they do not take 
into account the relativity of the measure between different areas i.e. travel distance in terms 
of the wider context of available activities within an area; and secondly, these indicators are 
multi-dimensional and each represents a different qualitative aspect of travel and activity 
participation. As a result, six individual indices were developed to overcome these problems. 
These include: participation count index, participation length index, participation area index, 
participation duration index, participation type index, and participation frequency index. 
These are then aggregated to assess the relative performance in terms of these different 
indices and identify the nature of transport disadvantage. GIS was used to visualise 
individual travel patterns and to derive scores for both the indicator based measures and the 
index based measures. Factor analysis was conducted to derive weights of the individual 
indices to form the composite index measure. From this analysis, two intermediate indices 
were also derived using the underlying factors of the data related to these indices. Using the 
scores of all these measures, multiple regression analyses were conducted to identify 
patterns of transport disadvantage.  
1. Introduction 
Social exclusion is seen to be a process, the outcome of which is a lack of participation in 
activities (Burchardt et al., 1999; 2002; Shortall, 2008). Transport is seen to play a central 
role in this process as it enables people to participate in their desired activities (Currie and 
Stanley, 2008; Hine and Mitchell, 2001; 2003; Kenyon et al., 2002; SEU, 2003). Transport 
policy options are therefore concerned with the provision of different mobility options (e.g. 
concessionary fares) and/or accessible (proximate) opportunities so that transport 
disadvantage groups can participate more fully in activities (Casas, 2007; 2009; Cass et al., 
2005; Church et al., 2000; Currie et al., 2009). An important way forward is therefore to 
identify the transport disadvantaged groups for whom the resources are to be utilised and to 
make the policies more sustainable (Becker and Gerike, 2008; Casas et al., 2009; Currie, 
2009). Traditionally, measures used to identify transport disadvantage include mobility based 
measures and accessibility based measures (Church et al., 2000). Mobility based measures 
identify individuals, groups, or areas with reduced mobility options by examining indicators 
such as car-ownership, distance from the centroids of traffic analysis zones to public 
transport services e.g., bus stop, train station (see, Cebollada, 2009; Currie et al., 2009; Wu 
and Hine, 2003). Accessibility based measures, on the other hand, examine opportunities 
available within a certain travel distance from the home (see, DfT, 2006). These measures 
are therefore related to a measure of the processes of transport related social exclusion. 
Despite the usefulness of these process oriented measures, they state very little about the 
effectiveness of the policy options in improving participation in activities – the outcome 
(Stanley and Vella-Brodrick, 2009). As a result, researchers have recently adopted activity 
based approaches, including the application of the activity space concept to the 
measurement of the levels of travel and participation in activities. These approaches 
therefore measure the actual accessibility and mobility of individuals. Actual accessibility 
measures, measure the opportunities that actually are reached – in contrast to potential 
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accessibility, which measure the opportunities that could be reached (Becker and Gerike, 
2008; Verron, 2008). 
Activity spaces include the geographical locations (e.g. buildings, roads, areas) in which an 
individual undertakes day to day activities (e.g. work, shopping, socialise) (Golledge and 
Stimson, 1997). Researchers have attempted to quantify the attributes of these activity 
locations and have explored the patterns of travel and activity participation in order to identify 
transport disadvantage. These attributes represent the different dimensional indicators of 
activity spaces such as count (e.g. number of trips to particular locations, number of unique 
activity locations visited) (Kamruzzaman et al., In Press; Rollinson, 1991; Wyllie and Smith, 
1996), distance (e.g. geographical distance travelled, travel time) (Kamruzzaman et al., In 
Press; Kawase, 1999), area of activity spaces (e.g. standard deviational ellipse – SDE, 
standard distance circle – SDC, minimum convex polygon – MCP) (Buliung and Kanaroglou, 
2006b; Newsome et al., 1998; Schönfelder and Axhausen, 2003), fullness of activity spaces 
(e.g. ratio of minor axis over major axis of the SDE, radius of the SDC) (Newsome et al., 
1998), and duration (e.g. activity duration) (Kamruzzaman et al., In Press; Newsome et al., 
1998). A review of these measures in different contexts can be found elsewhere and is not 
discussed here (see for instance, Kamruzzaman et al., 2009).  
Despite being effectively applied in different research contexts, several important issues 
have been ignored while applying these indicators. Firstly, unlike poverty, transport related 
social exclusion is generally agreed to be a relative concept and needs to be considered in 
the wider context of the activities of others living in the same neighbourhood (Atkinson, 1998; 
Burchardt et al., 2002; Jain and Guiver, 2001). For instance, a shorter travel distance of an 
individual living in a highly accessible area does not necessarily mean that the individual is 
mobility impaired when compared to an individual living in an inaccessible area. Secondly, 
the indicators have traditionally not incorporated the type of activity participated in (e.g. a 
measure of participation in social, cultural, political, and economic activities). Activity type 
measures are helpful in order to identify whether a transport system is able to provide 
access to all types of destinations. Burchardt et al. (2002) have noted that an evaluation of 
the nature of participation is important because a lack of participation in any type of activity is 
sufficient for social exclusion to exist. Thirdly, dimensional indicators have been used 
separately to identify aspects of transport disadvantage. In other words, each indicator 
represents a specific qualitative aspect of travel and activity participation. The following 
scenarios indicate the importance of each dimension to the measurement of transport 
disadvantage.  
• Scenario 1: An individual lives in a city centre. S/he has visited many activities located 
close by. The area based indicator will measure a smaller size of activity space. 
Therefore, the measure will misrepresent the ability to travel and participate in all of 
their required activities. On the other hand, a smaller sized (area) activity space may 
be the result of only a small number of activities which have been participated in. 
Therefore, a count based measure will complement the area based measure.  
• Scenario 2: A person has visited several widely dispersed shopping locations by bus in 
a city. In this scenario, both the count and the area based measure will indicate a 
larger size of activity space though the person has participated in only one type of 
activity. These measures, however, do not indicate whether the individual is able (or if 
public transport is available) to participate in all of his required activities.  
• Scenario 3: Two persons live in the same area. They have visited the same places in a 
week. However, one person has visited all of these facilities twice. Although their sizes 
of activity spaces are identical in terms of area, count, and type based measures, one 
possesses a greater ability to travel and participate in activities. 
• Scenario 4: A person cannot be considered transport disadvantaged if s/he is able to 
travel long distances daily in spite of their participation in a lower number of activities.  
Therefore, it appears that a single indicator cannot clearly indicate whether a person is at 
risk of being excluded due to their immobility. As a result, a unique approach to the 
measurement of activity space size which combines the various dimensions of the different 
indicators is necessary. 
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This paper develops a composite measure to identify transport disadvantage and validates 
these results against traditional measures. Section 2 discusses the development of the 
methodology followed in this paper. Section 3 compares the results of the different methods 
applied to identify transport disadvantage. Based on these findings, Section 4 concludes with 
an analysis and discussion on the effectiveness of these measures.  
2. Methodology 
Activity-travel data was collected for individuals from two case study areas, located in rural 
Northern Ireland. Rural areas were chosen for two reasons. Firstly, the nature of transport 
disadvantage in urban areas is different from that of in rural areas (Higgs and White, 1997a). 
For instance, a lack of car ownership may not be a significant indicator of transport 
disadvantage in an urban area but may be a significant barrier to participate in activities in 
rural areas (Banister, 2008). On the other hand, the decline in public transport services in 
rural areas often makes it difficult to participate in activities for the non-car owning (Gray et 
al., 2006). Although most rural dwellers have access to a car, studies have found that a 
small proportion of people are reliant on public transport (Banister, 2008; Higgs and White, 
2000; McDonagh, 2006; Moseley, 1979; Nutley, 1985; 1996; Shucksmith and Chapman, 
1998). Secondly, most of the research that has been conducted in a rural context has used 
spatially aggregated accessibility measures (see, Higgs and White, 2000; 1997b; Moseley, 
1979; Nutley, 1981). In contrast, recent studies that have been conducted in an urban 
context have used disaggregated activity-travel data to identify patterns of transport 
disadvantage (see, Casas, 2007; 2009; Schönfelder and Axhausen, 2003). This 
demonstrates a research gap in the application of the disaggregated activity-travel approach 
in rural areas.  
2.1. Selection of case study areas 
Gray (2000) has mentioned that rural areas are by nature largely heterogeneous, and each 
locality is characterized by different combinations of journey-making opportunities and 
constraints. This is also evident in the work of Nutley (2005) in which he has shown 
variations in travel patterns between two case study areas in rural Northern Ireland. 
Shucksmith et al. (1996, p.49) have stated that:  
the degree of disadvantage with respect to transport and accessing services varies 
between rural areas according to both the remoteness of the area and the pattern of 
settlement.  
Lucas (2006) has pointed out that the problem is more severe in remote areas as opposed to 
rural areas that are relatively close to urban areas. Nutley (1985) in rural Wales found that 
poor village services (opportunities) are rarely compensated for by a good public transport or 
vice versa. Differential access to public transport and the differential access to opportunities 
that are created as a result determine the degree of disadvantage that is experienced by 
residents in rural areas (Cloke et al., 1994; Gray, 2000; Higgs and White, 2000; Nutley, 
1985). Based on this finding, this research develops criteria shown in Table 1 to select two 
case study areas.  
Table 1: Criteria for the selection of case study areas 
Case study areas Criteria: related to mobility Criteria: related to accessibility 
 Close to motorway Close to train station A self-contained village Close to urban area
Case study area 1 √ √ √ × 
Case study area 2 × × × √ 
The criteria are related to the relative accessibility to opportunities (close to urban area, self-
contained village) and relative mobility options (close to motorway, close to train station) of 
the case study areas. Due to the variation in the nature of public transport services in rural 
areas (in terms of service frequency, spatial and temporal coverage) it was anticipated that 
areas close to the motorway were more likely to have good public transport services. This is 
also due to the existence of good public transport infrastructure. A self-contained village is 
referred to as villages that contain the basic service facilities (e.g. post office, grocery, GP, 
pharmacy). Four criteria maps were prepared using Table 1 and were used to identify the 
two case study areas.  
2.2. Data collection 
Data were collected from these case study areas in two phases. In the first phase, a 
questionnaire survey was conducted for three reasons. Firstly, to get an overall idea about 
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how people travel and participate in different activities from a larger set of responses. 
Secondly, to collect socio-economic data from respondents to use as explanatory variables 
in this research (i.e. levels of income, car-ownership, gender, home-ownership, age, and 
occupation) when combined with the later diary phase of the research. In addition to these 
six explanatory variables, the living area profile (criteria used for the selection of the case 
study areas) was also used as an explanatory variable in this research. Thirdly, to seek 
consent for the participation in an activity-travel diary survey in the second phase. Samples 
for questionnaire survey were chosen as able bodied persons aged between 18 years and 
74 years. The sample sizes for questionnaire data were determined using Equation 1 
(Cochran, 1963).  
2
c
p)p(1
2
z
n
−×=            Eq.1 
where, n equals to the required sample sizes; z represents area under normal curve 
corresponding to the desired confidence level which was chosen as 1.96 for the 95% 
confidence level; p represents the true proportion of factor in the population (percentage 
picking a choice) which was chosen as 0.5; c is the desired level of precision or confidence 
interval and was selected as 5% (0.05). Using Equation 1, the required sample sizes were 
determined as 385 for each of the selected cases. This figure exceeds the total number of 
the resident population (aged 18-74) in each of the case study areas (235 for case study 
area 1 and 255 for case study area 2). As a result, Equation 2 was used to determine the 
sample sizes (Ortúzar and Willumsen, 1990). 
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where, SS = adjusted sample size, n = calculated sample size (385), and N = sampling 
population. Using this equation, the sample sizes were determined as 146 and 153 for case 
study area 1 and case study area 2 respectively. Questionnaires were disseminated to every 
eligible individual in these case study areas using the mail back method. Respondents were 
contacted by door to door survey before the dissemination. 160 and 156 respondents filled in 
questionnaires these were then checked for consistency. The travel diary phase of the 
research used individuals who had provided consent for their participation during the earlier 
questionnaire phase. 85 and 93 individuals provided the consent from case study area 1 and 
case study area 2 respectively.  
An activity-travel diary form was designed and disseminated with returned envelop to these 
individuals in the second phase. The respondents were requested to fill in the diary for a 
week. Instructions were provided to participants on the coding and completion of their diary 
forms along with the activity-travel diary form. Respondents were requested to fill in for each 
trip: left at (time), left from (address), to go to (address), got there at (time), trip purpose, 
transport mode, and route/roads travelled. A list of 24 trip purposes and 8 modes were 
provided to the respondents to choose from the list that best described their trips. Each trip is 
defined as any purposeful stop during the journey that has been entered in the activity-travel 
diary form. 39 and 50 activity-travel diaries were collected from case study area 1 and case 
study area 2 respectively. Examination of previous research that has been conducted using 
travel diary data does not provide any clear evidence on the sample sizes required for this 
type of travel diary. Considering the number of diaries and diary days that have been 
reported in other research, the 89 diaries with 7 diary days were found to be representative 
of previous studies (see, Buliung et al., 2008 for a review). 
2.3. Data processing 
Although initially the explanatory data were collected using several classification codes (the 
code that is used for census data collection in NI e.g., age: 18-19 years, 20-24 years, 25-29 
years, 30-44 years, 45-59 years, 60-64 years, 65-74 years), these were recoded as a 
dichotomous variable as shown in Table 2 due to the existence of only a few non-zero 
responses in a number of classes. A database table, referred to as explanatory database, 
was prepared in SPSS using the explanatory data of the respondents. This database table 
contains explanatory data of 89 individuals who provided the diary. A person ID (identity) 
variable was created and assigned to these variables. A correlation analysis of the 
explanatory variables shows a significant correlation exists between age and the occupation 
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variable, between car-ownership and income, and between home-ownership and income 
(Table 3). As a result, occupation and income were excluded from further analysis. Cross 
tabulation of these variables reveals that car-owning and home-owning individuals have 
significantly higher income; and that older people are mostly of non-working occupational 
status. 
The 89 activity-travel diaries contained data on 1823 individual trips of which only one return 
trip was to a destination in the Republic of Ireland (RoI). These two trips were excluded from 
the analysis due to a lack of data which is required to represent these trips spatially. As a 
result, the remaining 1821 trips were processed in this research. A database table, referred 
to as the activity-travel database, was prepared using the activity-travel diaries in SPSS. This 
database contains 1821 cases; each represents the attributes associated with individual 
trips. These attributes are: person ID, trip ID, trip day, origin ID, destination ID, trip start time, 
trip end time, trip purpose, travel mode, travel time, and activity duration. This person ID 
represents the corresponding person ID as entered in the explanatory database. The 24 sub-
categories of trip purposes were grouped into 8 main categories: work, social, shopping, 
recreational, health, food, returning home, and other (e.g. to drop off). Trip start time was 
subtracted from the trip end time to get a total travel time for each trip. Activity duration was 
calculated by subtracting trip end time of a trip from the trip start time of the subsequent trip 
of the chained trips. A ‘chained trip’ is referred to as at least two consecutive trips within a 
day. However, time spent at home and overnight stays at activity locations for other 
purposes (e.g. social) were not considered as an activity duration. 
Table 2: Descriptive statistics of the explanatory variables 
Explanatory variables Classification Frequency %
Area profile Poor accessibility and mobility (Doagh) 50 56.2
 Good accessibility and mobility (Moira) 39 43.8
Gender Male 38 42.7
 Female 51 57.3
Age Young (25-59 years) 46 51.7
 Older (60-74 years) 43 48.3
Occupation Working (employment and business) 51 57.3
 Non-working (household management, retired, student, unemployed) 38 42.7
Car-ownership No 12 13.5
 Yes 77 86.5
Home-ownership Owner 68 76.4
 Rented 21 23.6
Income Low income (below mean income of NI) 46 51.7
 High income (above mean income of NI) 43 48.3
Table 3: Correlation coefficients amongst the explanatory variables 
 Area profile Gender Age Occupation Car-ownership Home-ownership Income
Area profile - 0.12 0.01 -0.03 -0.05 0.20 -0.17
Gender  - -0.17 -0.22 -0.01 -0.06 -0.12
Age  - 0.62a 0.05 -0.01 -0.13
Occupation  - -.191 0.16 -0.06
Car-ownership  - -0.17 0.38a
Home-ownership  - -0.27a
Income   -
a Correlation is significant at the 0.05 level (2-tailed). 
The 1821 trips were associated with 288 unique activity locations (origins-destinations – 
ODs) of which 89 represented home locations. A pointer address database (spatial) was 
used to extract these 288 OD locations and referred to as a unique OD feature class. Each 
location (point) was assigned to a unique ID (OD ID) and these OD ID values were inserted 
into the corresponding origin ID and destination ID fields of the activity-travel database. 
However, the origin ID and the corresponding destination ID were entered as same value for 
18 trips. This is due to the fact that these trips were both originated and destined to home. 
The purpose of these trips was recreational and included a pleasure drive, walking, and 
window shopping. The unique OD feature class was used to geo-reference the origin and 
destination of each trip of the activity-travel database using the Make Query Table tool in 
ArcGIS. The generated new feature classes were referred to as origins and destinations 
respectively. The destinations feature class was then appended to the origins feature class 
and referred to as OD feature class. The trip ID values of this feature class were used to 
identify/extract the origin and destination of each trip. A road network dataset was used to 
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generate routes for each trip using the ArcGIS Network Analyst tool. Instead of generating 
the shortest path route between the origin and destination of each trip, the travelled road 
names that were reported by the respondents were used as intermediate stop points to 
generate these routes. Therefore, this measure is a compromise between the shortest path 
route and the real route travelled if the entire travelled road names were not provided by the 
respondents. All the individual routes were appended to an empty feature class called all 
routes. Each trip of the activity-travel database was geo-referenced based on this all routes 
feature class using the Make Query Table tool. The OD feature class and the all route 
feature class were then used to visualise individual travel patterns using the person ID in 
ArcGIS (Figure 1). 
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Figure 1: Weekly travel patterns of a) a car-owning, older (retired) female lives in Moira; and b) a car-owning, young 
(working) female also lives in Moira.  
2.4. Indicators of activity spaces to identify transport disadvantage 
From the geo-visualisation of travel patterns, several summary tables were prepared to 
derive scores for different indicators of activity spaces to identify transport disadvantage. 
These indicators are related to the five dimensional measures discussed in Section 1 such 
as distance, count, duration, area, and fullness of activity spaces. Distance based measures 
such as total distance travelled, total unique networks distance travelled, and total travel time 
were derived. A correlation analysis of these three indicators shows a positive association 
and is therefore only the total unique networks distance travelled measure was used. This is 
due to the fact that this measure shows the geographical exposure of an individual whereas 
the total distance travelled and total travel time measures are the repetition measure of travel 
over the same network. Count based measures such as total number of trips and total 
unique locations visited were calculated for each individual. A correlation analysis between 
these two indicators shows that the number of unique activity locations visited grew with the 
number of trips. As a result, only the number of unique locations visited is reported in this 
research.  
Dijst and Vidakovic (2000) have found a positive correlation between travel time and activity 
duration although such a correlation was not confirmed in this research. As a result, activity 
duration was used as an indicator of activity space size. Burchardt et al. (2002) have noted 
that activity duration can be used to measure the magnitude of participation. Area based 
measures such as SDE and SDC were derived using 2 standard distances which accounts 
for about 97% of the activity locations (ESRI, 2009). Since these two measures were found 
to be highly correlated, only the SDE based measure is reported in this paper as this 
measure overcomes the identified weaknesses over the SDC measure. Buliung and 
Kanaroglou (2006a) have mentioned that although the SDC suggests a dispersed or 
clustered pattern of activity spaces with a measure of areal extent, it cannot be used to 
investigate the orientation or shape of activity spaces. Buliung and Remmel (2008) have 
added that individual activity spaces are likely to possess these properties due to 
heterogeneity in the spatial and spatio-temporal distribution of activity destinations, and the 
spatial structure of road networks. The length of the minor and major axis of the SDE were 
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also derived and the ratio of these two was calculated to derive the degree of fullness for 
these activity spaces. This measure therefore represents the relative extent to which the 
traveler is willing, able, or required to deviate from the main travel route (Newsome et al., 
1998). A linear multiple regression analysis was conducted using the simultaneous (enter) 
method to examine the relative impacts of the explanatory variables to these derived 
indicators to identify transport disadvantage. 
2.5. Developing an index based measure to identify transport disadvantage 
Six individual indices were developed in this research for three reasons. Firstly, these indices 
are ratios of different dimensions of travel and activity participation and therefore have no 
unit of measurement. As a result, it was possible to aggregate these indices to form a 
composite index measure of travel and activity participation. Secondly, the individual indices 
were developed in a way that takes into account the relativity of the measures. Thirdly, two 
of these indices (participation type and participation frequency) are new measurements of 
participation in activities which have not been investigated in earlier research as discussed in 
Section 1. The individual indices are: participation count index (PCI), participation length 
index (PLI), participation area index (PAI), participation type index (PTI), participation 
duration index (PDI), and participation frequency index (PFI). Equations 3-8 were used to 
calculate the scores of these indices respectively. 
area an in sindividual allby  visited locations unique of number Average
individual anby  visited locations unique of Number
  (PCI)index  count ionParticipat =  Eq.3 
area an in sindividual allby  travelled distance network unique Average
individual anby  travelled distance network Unique
  (PLI)index  length ionParticipat =  Eq.4 
area an in sindividual all of spacesactivity  of area Average
SDC) SDE, (e.g., spacesactivity  individual of Area
  (PAI)index  area ionParticipat =   Eq.5 
classesactivity  of number Total
individual anby  in edparticipat  classesactivity  of Number
  (PTI)index  type ionParticipat =   Eq.6 
area an in sindividual all of durationactivity  Average
individual anby  activities edparticipat in spent Time
  (PDI)index  duration ionParticipat =    Eq.7 
area an in sindividual allby  visited locationsactivity  unique Total
area an in sindividual allby  made trips of number Total
individual theby  visited locations unique of Number
individual anby  made trips of Number
  (PFI)index frequency  ionParticipat =  Eq.8 
A model was developed using the ArcGIS ModelBuilder tool to derive the scores of these 
individual indices. Total number of activity classes was considered as seven for the working 
individuals and six for the non-working individuals in order to maintain the relativity of the 
measure to calculate the PTI score. This is due to the fact that the non-working individuals 
do not necessarily participate in the work activities. These classes are the trip purposes used 
in this research except the return home trip as this purpose was reported by all individuals. 
The scores of the individual indices were scaled using the Min-Max scaling method (Eq.9) 
(Pyle, 1999). 
score Minimum - score Maximum
score Minimum - score  Observed
  score Scaled =        Eq.9 
Similar linear multiple regression analyses were conducted to examine the effects of taking 
into account the relativity of the measures to identify transport disadvantage.  
2.6. Developing intermediate and aggregated index of participation 
The individual indices were aggregated into: firstly, two summary indices of participation 
measure; and secondly, the overall participation index (PI) measure. Although different 
aggregation methods exist in the literature, this paper used a statistical approach based on 
factor analysis (principal component analysis – PCA) for the following reasons (EC, 2008; 
Nicoletti et al., 2000): firstly, this method is data based and ensures that the resulting index 
accounts for a large part of the inter-individuals variance of the individual indices; secondly, 
factor analysis assigns the largest weights to the indices that have the largest variation 
amongst individuals; thirdly, as the individual indices have no unit of measurement (ratio) 
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and are highly inter-correlated, a factor analysis was used to reveal the underlying structure 
of the data. 12 correlation coefficients were found to be greater than 0.3; and, fourthly, the 
ratio of cases (89) to variable (6 indices) in this research is 14.8 to 1, which also satisfies the 
requirement of the PCA (should be at least 5 to 1). It was also evident that on iteration 1, the 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy (MSA) test shows that all of the 
individual indices included in the analysis was greater than 0.5, supporting their retention in 
the analysis. In addition, the overall MSA for all the individual indices included in the analysis 
was 0.697, which exceeds the minimum requirement of 0.50 for overall MSA at the 0.01 
significance level of the probability measured using Bartlett's Test of Sphericity. 
Two factors were selected using the latent root criteria for the number of factors (eigenvalues 
larger than 1), and contribution to the explanation of the total variance of the data individually 
by more than 10% and cumulatively by more than 60% (80% in this research) (Table 4) (EC, 
2008). The communalities for all of the individual indices on the components were found to 
be greater than 0.50 which supports for their retention. The two extracted factors were 
rotated using the varimax rotation method and none of the individual indices were found to 
have a complex structure (Table 5). A complex structure occurs when one variable has high 
loadings or correlations on more than one component. Analysis of the factor loadings shows 
that the first factor has salient loadings on PCI, PTI, PDI, and PFI indices, and the second 
factor is associated with the PLI and PAI indices. Therefore, these factors can be interpreted 
as the magnitude of participation and the geographical exposure respectively. These factors 
were referred to as intermediate indices and their scores were calculated using the 
normalized squared factors loadings as weight of the individual indices. These intermediate 
scores were used as inputs in the construction of the PI measure by weighting each factor 
according its relative contributions to the explanation of the overall variance. The two factors 
were found to explain almost equally by 50% of the variance (Table 5). The scores of these 
two intermediate indices and the PI measure were also analysed using linear multiple 
regression to investigate the impacts of the explanatory variables on these measures to 
identify transport disadvantage. 
Table 4: Eigenvalues of the individual indices 
Initial Eigenvalues 
 
Extraction sums of squared loadings Rotation sums of squared loadings 
 Comp
onent Total % of Variance Cum. % Total % of Variance Cum. % Total % of Variance Cum. % 
1 3.582 59.703 59.703 3.582 59.703 59.703 2.740 45.664 45.664 
2 1.228 20.474 80.176 1.228 20.474 80.176 2.071 34.512 80.176 
3 .595 9.919 90.095       
4 .423 7.044 97.139       
5 .113 1.877 99.016       
6 .059 .984 100.000       
Table 5: Factor loadings of the individual indices on principal components 
 Rotated factor loadings
 
Weights of variables in factors 
(normalized squared factor loadings) 
 
Factor 1 2 1 2 
Interpretation Magnitude of 
participation
Geographical 
exposure
Magnitude of 
participation
Geographical 
exposure 
PCI 0.846 0.398 0.261 0.077 
PTI 0.813 -0.109 0.241 0.006 
PDI 0.861 0.343 0.271 0.057 
PFI -0.687 -0.279 0.172 0.038 
PLI 0.383 0.887 0.054 0.380 
PAI 0.055 0.958 0.001 0.443 
Factor weight (mormalised to unity) 0.508 0.492  
3. Results: identifying transport disadvantage 
The questionnaire data that was collected for this research is partially reported in this paper. 
Respondents were asked to indicate which facilities are currently lacking in their 
communities and that as a result means they have to travel further to access these facilities. 
73% responses indicated that there is no facility related problem in case study area 1 
whereas this is only around 14% in case study area 2. The second highest number of 
responses that was found in case study area 1 is related to ‘other facility problem’ which 
includes the desire to have higher order facilities (e.g. larger sized shopping centre). The 
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basic facilities that the majority of respondents felt was lacking in case study area 2 include 
pharmacy, bank, GP, and grocery shops. Respondents were also asked to indicate what 
transport related problems could be found in their communities. In terms of the availability of 
public transport services, 41% respondents indicated a problem in case study area 2 
whereas this is only 16% in case study area 1. A higher response rate was found in several 
problem categories in case study area 2 which implies that this area is suffering from multi-
dimensional transport related problems. Traffic congestion and lack of parking facilities were 
found to be common problems in both areas. These findings justify the proper selection of 
case study areas in this research. 
Table 6 shows the average scores of the indicators used to calculate the size of activity 
spaces associated with different groups in a week. On average each individual made 20.46 
trips which are associated with 7.45 unique activity locations in a week. These individuals 
travelled on average 76.7 km over unique road networks to reach these destinations. Each 
individual, on average, spent 1934 minutes for undertaking out-of-home activities in these 
seven days.  
Table 6: Weekly average scores of the explanatory variables to the indicators of activity spaces used  
Variables Classes Indicators used 
 
Number 
of trips
  Number of 
unique 
locations visited
Unique network 
distance 
travelled (Km)
Activity 
duration 
(min)
Area of activity 
spaces (SDE) 
(Km2) 
Fullness 
of activity 
spaces 
Area profile Doagh 7.72 85.9 1808 1137 0.346 20.96
 Moira 7.10 64.8 2096 883 0.323 19.82
Gender Male 7.76 89.6 1867 1361 0.384 20.89
 Female 7.22 67.0 1984 776 0.301 20.14
Age Young 6.78 65.7 2350 943 0.280 20.76
 Older 8.16 88.4 1488 1114 0.396 20.14
Car-ownership No-car owning 6.42 30.2 1568 238 0.228 18.33
 Car-owning 7.61 83.9 1991 1149 0.353 20.79
Home-ownership Home owner 7.65 80.7 1990 1070 0.353 20.60
 Rented 6.81 63.0 1755 882 0.282 20.00
Average of all  7.45 76.7 1934 1026 0.336 20.46
Table 7 shows three significant models that emerged from the linear regression analyses 
using the different indicators of activity spaces. These models are related to the measures of 
unique network distance travelled, activity duration, and fullness of activity spaces. Table 8 
shows that the ability of the car-owning individuals to participate in distant activities is 
significantly higher. It also shows that young people and people who live in a higher level of 
area accessibility and mobility are able to spend significantly more time in activities (activity 
duration model). However, the Beta coefficient of this model shows that age is the major 
factor associate with time spent in activities. Although the young spent more time in 
activities, the transport geography of older people is much fuller (fullness of activity spaces 
model) (Figure 1). This is due to the fact that they are mostly non-working individuals (Table 
3) and are therefore little or no restriction applies to their travel routes and participation in 
activities as opposed to working individuals. Questionnaire data shows that 91% of working 
individuals took a fixed route to and from work of which 45% never deviate from. Older 
people also visited more places than the young (unique locations visited model). As car 
ownership enables people to participate in distant activities, the result is the area of their 
activity spaces is also larger than their counterparts (area of activity spaces model). From 
this analysis, two conclusions that can be made are that the geographical exposure of car-
owning individuals is larger than the non-car owning individuals and an area with higher 
levels of accessibility and mobility allows individuals to spend more time on activities than 
individuals in an inaccessible area. However, it is difficult to conclude whether older people 
are as disadvantaged. This is due to the fact that despite being able to visit significantly more 
places and also having a significantly fuller size of activity spaces, their temporal magnitude 
of participation in society is significantly lower. This finding suggests that there is a need to 
derive a composite measure that will take into account the partial contribution of each 
indicator to identify the scale of transport disadvantage. 
Table 8 shows the impacts of the explanatory variables on the individual index measures. By 
comparing these to the earlier indicator based measures (in Table 7), one substantial 
change can be observed. While the activity duration measure associated with the activity 
space measure shows a significant difference between the two case study areas, no such 
difference was found when taking into account the activities of other individuals in these 
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areas. However, the results from the other related measures were found to remain the same. 
For instance, older people scored significantly higher in the count based index but scored 
significantly lower in the duration based index (similar to the findings for the count based 
measure and duration based measure); car-owning individuals scored significantly higher in 
the distance based index and area based index (similar to the findings for the distance based 
measure and area based measure). This implies that the differences that were observed 
between the different groups using the indicator based models are not sensitive to the 
context in which activities are undertaken. The PTI model shows that people who live in an 
area with a higher level of accessibility and mobility are able to participate in a wider range of 
activity types. Using the PFI model, it was found that unlike the younger age groups in the 
survey, older people are not as frequent visitors to activity spaces. Therefore, the 
development of a composite index measure can be justified on the grounds that both the 
indicator based measures and the individual indices measures are inadequate if a group 
performs in a different way in different indicators/indices. 
Table 7: Impacts of the explanatory variables to the indicators of activity spaces 
Measures  Explanatory variables 
 
F coefficient 
  Area profile Gender Age Car-
ownership
Home-
ownership 
 
Unique locations visited t -0.83 -0.55 2.43a 1.19 -0.95 2.26 
 Beta -0.09 -0.06 0.25 0.13 -0.10  
Unique network distance travelled t -1.54 -1.70 1.77 3.30a -0.62 4.87a 
 Beta -0.15 -0.17 0.17 0.32 -0.06  
Activity duration t 2.03a -0.49 -5.05a 1.77 -1.28 6.58a 
 Beta 0.19 -0.05 -0.48 0.17 -0.12  
Area of activity spaces (SDE) t -0.48 -1.85 0.17 2.03a -0.20 1.77 
 Beta -0.05 -0.20 0.02 0.22 -0.02  
Fullness of activity spaces t -0.04 -1.59 2.40a 1.67 -1.20 3.08a 
 Beta -0.01 -0.16 0.25 0.17 -0.13  
a Coefficient is significant at the 0.05 level. 
Table 8: Impacts of the explanatory variables to the individual indices 
Individual 
indices 
 Explanatory variables 
 
F coefficient 
  Area profile Gender Age Car-ownership Home-ownership  
PCI t 0.10 -0.54 2.46a 1.19 -0.95 2.02 
 Beta 0.01 -0.06 0.26 0.13 -0.10  
PLI t 0.29 -1.68 1.89 3.34a -0.76 4.23a 
 Beta 0.03 -0.17 0.19 0.33 -0.08  
PAI t 0.51 -1.88 0.30 2.12a -0.36 1.79 
 Beta 0.06 -0.20 0.32 0.23 -0.04  
PTI t 2.33a 0.15 1.34 -0.75 -1.25 1.70 
 Beta 0.25 0.02 0.14 -0.08 -0.14  
PDI t 0.40 -0.49 -5.19a 1.59 -1.12 6.10a 
 Beta 0.04 -0.05 -0.50 0.15 -0.11  
PFI t 0.45 -0.13 -3.75a -0.11 0.74 3.09a 
 Beta 0.05 -0.01 -0.38 -0.01 0.08  
a Coefficient is significant at the 0.05 level. 
Table 9: Impacts of the explanatory variables to the intermediate indices and the PI measures 
Intermediate and 
composite indices 
 Explanatory variables 
 
F coefficient 
  Area profile Gender Age Car-ownership Home-ownership  
Magnitude of participation t 1.573 -0.592 1.395 0.920 -1.133 1.377 
 Beta 0.171 -0.064 0.150 0.099 -0.124  
Geographical exposure t 0.468 -1.826 1.215 2.822a -0.641 3.038a 
 Beta 0.490 -0.189 0.125 0.289 -0.067  
PI t 0.986 -1.549 1.446 2.396a -0.928 2.682a 
 Beta 0.104 -0.162 0.150 0.248 -0.098  
a Coefficient is significant at the 0.05 level. 
Table 9 shows the results of the composite index measure. The two intermediate indices 
models show that although no differences can be found in the magnitude of activity 
participation between the different groups considered, car-owning individuals have the 
opportunity to exploit wider geographical areas and therefore are not at risk of being 
excluded (Table 9). Table 9 also shows that a significant model emerged from the data for 
the ultimate composite PI measure. In this model, car-ownership was found to be the only 
significant contributor. This means that non-car owning individuals lack the ability to 
participate in society fully and are the ultimate transport disadvantaged group in rural areas. 
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4. Discussion and conclusion 
The utilisation of indicator based measures and the development of index based measures 
to identify transport disadvantage are both effective in aiding the identification of transport 
disadvantaged (see, DARD, 2003; DRD, 2001; Shortall, 2008). The groups identified in this 
work who are experience transport disadvantage include individuals who live in areas with 
poor levels of accessibility and mobility (supply of public transport), the elderly (partially), and 
the non-car owning individuals. Although the results of the indicator based measures and the 
index based measures were found to be consistent, the unique qualities associated with 
these measures were also identified. Indicator based measures were found to be effective 
when making comparisons between different areas. Index based measures are helpful when 
investigating variations in inter-personal travel and activity participation across different 
areas, as these measures normalise the sensitivity of the data related to the context in which 
an individual lives. Index based measures are also helpful in forming a composite measure 
by combining all the qualities associated with an individual’s travel behaviour that help to 
identify transport disadvantage. Introduction of two new indices (type and frequency) helped 
to identify new patterns of activity participation and consequently transport disadvantage. As 
a result the indicator based measures and the individual indices measures were found to 
complement one another. The factor analysis helped to expose the underlying structures of 
the data and was used to form the composite index measure. The data structures identified 
new dimensions of the participation measure which now includes the magnitude of 
participation and the geographical exposure. Although non-car owning individuals were 
found to be the most disadvantaged group using the composite index measure, the results 
from the disaggregated approaches (individual indicators and individual indices) were helpful 
in devising group specific policy responses.  
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